Abstract-Age-related alterations in systemic and cerebral hemodynamics are not well understood. The purpose of this study is to characterize age-related alterations in beat-to-beat oscillations in arterial blood pressure (BP), heart rate (HR), cerebral blood flow (CBF), cardiac baroreflex sensitivity, and dynamic cerebral autoregulation across the adult life span. We studied 136 healthy adults aged 21 to 80 years (60% women). Beat-to-beat BP, HR, and CBF velocity were measured at rest and during sit-stand maneuvers to mimic effects of postural changes on BP and CBF. Transfer function analysis was used to assess baroreflex sensitivity and dynamic cerebral autoregulation. Carotid-femoral pulse wave velocity was measured to assess central arterial stiffness. Advanced aging was associated with elevated carotidfemoral pulse wave velocity, systolic and pulse BP, cerebrovascular resistance, and CBF pulsatility, but reduced mean CBF velocity. Compared with the young and middle-aged, older adults had lower beat-to-beat BP, HR, and CBF variability in the low-frequency ranges at rest, but higher BP and CBF variability during sit-stand maneuvers. Baroreflex sensitivity was reduced, whereas dynamic cerebral autoregulation gain was elevated at rest in older adults. Multiple linear regression analysis indicated that systolic BP variability is correlated positively with carotid-femoral pulse wave velocity independent of HR variability. In conclusion, advanced aging is associated with elevated pulsatility in BP and CBF; reduced beat-to-beat low-frequency oscillations in BP, HR, and CBF; and impaired baroreflex sensitivity and dynamic cerebral autoregulation at rest. The augmented BP and CBF variability in older adults during sit-stand maneuvers indicate diminished cardiovascular regulatory capability and increased hemodynamic stress on the cerebral circulation with aging. (Hypertension. 2017;69:712-720.
A dvanced aging is associated with increased risks of cardio-and cerebrovascular diseases that may be attributed at least, in part, to alterations in systemic and cerebral hemodynamics. 1 Central arterial stiffening, a hallmark of vascular aging, is related to increases in systolic and pulsatile blood pressure (BP) and cerebral blood flow (CBF) pulsatility. 2, 3 Excess increase in arterial pulsatility may cause cerebrovascular remodeling, endothelial dysfunction, increases in cerebrovascular resistance, and reduction in CBF. 3 Aging is also associated with reductions in beat-to-beat heart rate (HR) variability, which has been linked to cardiovascular and brain health. 4, 5 However, the relationship between age and BP variability is controversial [5] [6] [7] and little is known about CBF variability.
BP and CBF regulation in the time scales of several seconds to minutes are related primarily to the baroreflex and dynamic cerebral autoregulation (dCA), respectively. 8 The baroreflex regulates BP by monitoring the distortions of baroreceptors located in the central elastic arteries and provides feedback control of HR and systemic vascular resistance via the autonomic nervous system to reduce BP variability. 9 On the contrary, dCA maintains a relatively constant CBF in face of BP fluctuations that may be enhanced because of baroreflex dysfunction. 10 Aging seems to differentially affect these 2 regulatory mechanisms, such that cardiac baroreflex function declines with age, 9, 11 whereas no effects of age on dCA were observed. 11, 12 Previous studies suggest that baroreflex and dCA may interact in the regulation of CBF in face of acute changes in arterial pressure. 13 For example, Tzeng et al 13 observed an inverse correlation between cardiac baroreflex sensitivity (BRS) and dCA metrics in healthy young adults, suggesting the existence of compensatory functionalities between these regulatory mechanisms. However, others did not find such a relationship in older adults. 11, 14 In these studies, the sample size was small and no middle-aged subjects were included. Therefore, further studies are warranted to elucidate the effects of aging on the relationship between baroreflex function and dCA.
Further understanding of age-related alterations in baroreflex function and dCA may provide new insights into cardiovascular and brain health in older adults. In addition, it is important to reveal potential sex differences in baroreflex function and CBF regulation. 3, 15, 16 In this regard, impairment of baroreflex function and dCA may lead to dizziness, syncope, or fall in older adults associated with postural change induced hypotension in daily life. 17 In previous studies, we and others have used squat-stand or sit-stand maneuvers to mimic effects of postural changes on BP and CBF regulation. 11, 18 Assessments of baroreflex function and dCA under these conditions not only provide practical and clinical implications but also may improve the reliability of these assessments because of enhanced BP and CBF variability. 18 The purposes of the present study were (1) to characterize age and sex-related alterations in beat-to-beat oscillations in BP, HR, and CBF at rest and during sit-stand maneuvers across the adult life span and (2) to examine cardiac baroreflex function and dCA under these conditions. We hypothesized that beat-to-beat BP and CBF variability both are reduced with advanced aging at rest, but are enhanced during sit-stand maneuvers reflecting diminished cardiovascular and cerebrovascular regulatory capability in older men and women.
Methods

Participants
One hundred thirty-six healthy participants aged between 21 and 80 years (81 women; 83% Caucasian, 10% African American, and 7% Asian) were recruited through flyers and newspaper advertisements from the Dallas-Fort Worth metroplex. Exclusion criteria included the presence of ischemic or structural heart disease screened by 12-lead ECG and echocardiography, office BP > 140/90 mm Hg confirmed by ambulatory BP monitoring, carotid artery atherosclerotic plaque, or stenosis with >50% occlusion imaged by ultrasound, diabetes mellitus screened by the presence of symptoms, use of antidiabetic drugs, or fasting blood glucose >126 mg/dL, body mass index >40 kg/m 2 , smoking, active alcohol or drug abuse, brain damage or trauma, and the presence or history of cerebrovascular (eg, stroke), neurological, psychiatric, or inflammatory diseases. Pregnant or breast-feeding women and individuals who participated in regular moderate-to high-intensity aerobic exercise training (>30 minutes per session, 3× per week over the past 2 years) were also excluded.
This study was approved by the Institutional Review Board of the University of Texas Southwestern Medical Center and Texas Health Presbyterian Hospital Dallas and was performed in accordance with the guidelines of the Declaration of Helsinki and Belmont Report. A written informed consent was signed by all subjects for study participation.
Study Protocol
All data were collected in an environmentally controlled laboratory with an ambient temperature of ≈22°C. Subjects abstained from caffeinated beverages, alcohol, and vigorous exercise at least 24 hours before the study. After resting in the quiet, seated position for ≥15 minutes, a 5-minute baseline data were collected during spontaneous breathing. Next, a repeated sit-stand maneuver was performed for 5 minutes with a duty cycle of a 10-second sit and a 10-second stand.
An investigator verbally coached subjects during the maneuver. This protocol was designed to induce clinically relevant postural hemodynamic oscillations specifically at 0.05 Hz and to improve coherence between the measured hemodynamic variables. 18 The 0.05 Hz was chosen because of dCA is likely to be effective at low frequencies and cardiac baroreflex function also can be assessed at this frequency. 18, 19 
Measurements
HR was measured by a 3-lead ECG (Hewlett-Packard, Andover, MA). Arterial BP was recorded from the left middle finger at the participant's heart level using a photoplethysmography (Finapres Medical Systems, Amsterdam, The Netherlands). This method can reliably assess beat-to-beat changes in BP that is correlated well with intraarterial recordings. 20 Intermittent arterial pressure was measured in the right arm by an ECG-gated electrosphygmomanometer (Tango+; Suntech Medical, Morrisville, NC). The brachial BP recording was used to corroborate the finger measurement to ensure that a finger cuff was properly placed. End-tidal CO 2 (ETCO 2 ) was monitored with a nasal cannula using a capnograph (Capnogard, Novamatrix). All data were simultaneously recorded at a sampling frequency of ≥250 Hz and stored for offline analysis. Baseline carotid-femoral pulse wave velocity (cfPWV) was measured using applanation tonometry (SphygmoCor 8.0; AtCor Medical) to assess central arterial stiffness.
CBF velocity (CBFV) was measured in the middle cerebral artery using a transcranial Doppler (Multi-Dop X2; Compumedics/ DWL, Singen, Germany). A 2-MHz Doppler probe was placed over the temporal window using a headgear (Spencer Technologies, Northborough, MA) and fixated at a constant angle and depth where the optimal CBFV signal was obtained according to a standard procedure. 21 Transcranial Doppler has a high temporal resolution (>100 ms) and allows noninvasive and repeatable estimates of changes in CBF on a beat-to-beat basis.
Data Analysis
Preprocessing
Hemodynamic data were analyzed by AcqKnowledge (BIOPAC Systems, Goleta, CA) and DADiSP (Newton, MA) software according to the procedures described in detail elsewhere. 10 First, artifacts were visually identified and cleaned from the data segment used for spectral and transfer function analysis. Second, all hemodynamic data were averaged for each cardiac cycle to obtain beat-to-beat mean values. 22 Normalized CBFV (CBFV%) relative to the mean value of the 5-minute data segment was calculated for spectral and transfer function analyses. 14, 22 Third, the time series of beat-to-beat BP, HR, R-R interval, and CBFV% were linearly interpolated, resampled at 2 Hz to obtain equidistant time series, and detrended by a third-order polynomial curve fitting. Finally, these data were subdivided into 256-point segments with 50% overlap, and a Hanning window was applied for spectral and transfer function analysis. Cerebrovascular resistance index (CVRi) was calculated by dividing mean arterial pressure (MAP) by mean CBFV. Pulsatility index was calculated as ([systolic CBFV−diastolic CBFV]/mean CBFV).
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Systemic Oscillations and Baroreflex Function
Spectral powers of beat-to-beat HR, R-R interval, systolic BP (SBP), and diastolic BP (DBP) variability were calculated from the low-frequency (LF) range (0.05-0.15 Hz) at baseline and a point frequency of 0.05 Hz during sit-stand maneuvers. 14, 18, 24 The BRS was determined by the transfer function gain between SBP and R-R interval in LF at baseline and at a point frequency of 0.05 Hz during sit-stand maneuvers. 14, 18 The frequency band of 0.05 to 0.15 Hz was selected a priori based on the literature that showed that transfer function coherence of the baroreflex function is low below 0.05 Hz, which may compromise the validity of BRS estimation. 25 Also, spectral power and transfer function estimates at frequencies >0.15 Hz may be influenced by respiration. 24 
Cerebral Oscillations and Cerebral Autoregulation
Spectral powers of beat-to-beat MAP and CBFV% variability as well as their transfer function estimates were calculated from very low frequency (VLF, 0.02-0.07 Hz), LF (0.07-0.20 Hz), and high frequency (HF, 0.20-0.35 Hz) ranges at baseline and from a point frequency of 0.05 Hz during sit-stand maneuvers as reported in previous studies. 14, 22 The explanation of transfer function parameters has been described previously. 10 In brief, transfer function gain quantifies the magnitude relationship between the input and output signals (ie, SBP and R-R interval for BRS, MAP and CBFV% for dCA, respectively), whereas the phase provides a measure of their temporal displacement. Coherence function provides a measure of linear correlation between the signals and ranges from 0 to 1.
Statistical Analysis
Subjects were divided into 3 age groups: young (21-44 years), middle age (45-64 years), and old (65-80 years). Two-way ANOVA was used to examine the main and interaction effects of age and sex on subject characteristics and steady-state hemodynamics.
15 χ 2 test was used to test group difference in categorical variables. Because of nonnormal distributions of transfer function and power spectral variables, 2-way ANOVA with age and sex as factors were performed after rank transformation. For age-significant variables, the post hoc test with a Bonferroni correction was used to make pairwise group comparisons. The analysis of covariance with body mass index as a covariable was performed to reveal its potential effects on the age-related differences in BRS and dCA after rank transformation. 15 Spearman (nonparametric) correlation analysis was used to assess simple correlations between hemodynamic variables. Multiple linear regression analysis was used to assess the relative contributions of cfPWV, HR, or R-R interval variability to SBP variability after rank transformation. Statistical significance was defined by 2-tailed tests with P<0.05. All data were reported as mean±SD unless otherwise stated. Data were analyzed with SPSS 20.0 (SPSS, Inc, Chicago, IL). Table S1 in the online-only Data Supplement summarizes subject characteristics and steady-state hemodynamics for each age group. The brachial SBP and pulse pressure increased with age, whereas DBP first increased in the middle age and then decreased in the old. The old group showed reductions in systolic, diastolic, and mean CBFV when compared with the young group, whereas pulsatility index, CVRi, and cfPWV were elevated. Old adults also showed lower ETCO 2 relative to the young. Women had higher mean CBFV, but lower brachial BP and CVRi than men (Table S1 ).
Results
Subject Characteristics and Steady-State Hemodynamics
BP, HR Variability, and BRS
Spectral powers of beat-to-beat HR, R-R interval, and SBP and DBP variability in the LF range all decreased progressively with age at rest (Table 1; Figure 1 ). However, SBP variability during sit-stand maneuvers was significantly higher in the old than in the young, whereas both HR and R-R spectral powers remained lower in the old (Table 1; Figure 1 ). Multiple linear regression analysis indicated that ≈34% and 37% of SBP spectral power (variability) can be explained by HR variability and cfPWV under resting conditions and during sit-stand maneuvers, respectively, and cfPWV contribution to SBP variability was higher during sit-stand maneuvers than that at rest (Table S2) . Similar results were obtained with either HR or R-R interval variability.
Age was associated with a substantial reduction of BRS either at rest or during sit-stand maneuvers (Table 2; Figure 2 ). There was also an age-related increase in BRS phase (more negative values) during sit-stand maneuvers (Table 2 ; Figure   S1 ). The coherence between SBP and R-R interval at rest was lower in the old group than in the young and middle-aged groups, but similar during sit-stand maneuvers. ANCOVA did not reveal effects of body mass index on age-related differences in BP, HR, R-R variability, and BRS.
Women had significant lower LF HR, R-R interval, and SBP and DBP variability at rest and lower HR, R-R interval, and DBP variability during sit-stand maneuvers than men (Table 1) . Women also had lower cardiac baroreflex phase (more negative values) and coherence than men at rest and during sit-stand maneuvers (Table 2) .
CBFV Variability and dCA
Spectral powers of beat-to-beat MAP and CBFV% variability in the LF range decreased with age under rest, but similar results were also observed in the VLF and HF ranges (Table 1 ; Figure 3 ). In contrast, spectral powers of MAP and CBFV% during sit-stand maneuvers were augmented in the old compared with the young group.
Both LF and HF dCA gains were higher in the old than in the young and middle-aged groups at rest (Table 2; Figure 2 ). However, dCA gains were not different during sit-stand maneuvers among groups. No age-related differences in dCA phase were observed during sit-stand maneuvers, whereas the coherence was slightly elevated in the old compared with the young group ( Figure S2 ). ANCOVA did not reveal effects of body mass index on age-related differences in MAP and CBFV% variability and dCA.
Women had lower MAP and CBFV% variability in VLF at rest and during sit-stand maneuvers than men (Table 1) . Women also had lower VLF dCA gain and coherence at rest and higher phase during sit-stand maneuvers than men (Table 2) .
Correlation Between BRS and dCA
The associations between BRS and dCA gain in the LF ranges at rest and during sit-stand maneuvers are presented in Figure S3 . BRS was correlated positively with dCA gain in the young, but not in the middle-aged (baseline: R 
Discussion
This is the first study to characterize age-related differences in beat-to-beat oscillations in BP, HR, CBF, cardiac BRS, and dCA under resting conditions and during sit-stand maneuvers across the adult life span. The major findings are 4-fold. First, we found that beat-to-beat HR, R-R, SBP and DBP variability, and cardiac BRS in the LF range all were reduced at rest in the older adults relative to young subjects. Cardiac BRS was reduced also during sit-stand maneuvers, whereas SBP variability was augmented significantly in the old adults. Second, we found that MAP and CBFV variability in the LF range were reduced also at rest in the older adults, whereas dCA gain was elevated. However, dCA gain remained unchanged despite the augmented MAP and CBFV variability during sit-stand maneuvers in the older adults. Third, we found that women had lower HR, R-R interval, and DBP variability in the LF range and lower MAP and CBFV% variability in the VLF range at rest and during sit-stand maneuvers than men. In addition, although no sex differences in cardiac BRS was observed, women had lower dCA gain and coherence in the VLF range at rest, and a higher phase during sit-stand maneuvers than men, suggesting a better dCA. Fourth, BRS assessed in the LF ranges was correlated positively with dCA gain in the young, but not in the middle-aged and old subjects. Collectively, these findings demonstrate the presence of age-related reductions in BP, HR, and CBF variability in the LF ranges and impaired cardiac BRS and dCA in older adults at rest. Furthermore, augmented BP and CBF variability during sit-stand maneuvers in older adults indicate diminished cardiovascular regulatory capability and increased hemodynamic stress on the cerebral circulation with aging.
Steady-State Systemic and Cerebral Hemodynamics
The observation of higher cfPWV, CVRi, and pulsatility index of CBFV in older adults in this study is consistent with previous reports. 3, 15, 23 The age-related reduction in cerebral capillary density and deformation of the microvascular wall might be the morphological basis of the increases in cerebrovascular resistance. 26 In addition, endothelial dysfunction and vessel wall smooth muscle degeneration may result in impaired vasodilatory responses and sustained cerebral vasoconstriction with age. 27 Age-related increase in CBFV pulsatility may be explained by a downstream increase in cerebral microvascular resistance and the upper-steam elevation of pulse pressure. 28 With advancing age, progressive stiffening of central elastic arteries increases PWV, which in turn may cause premature arterial wave reflection and augmentation of central pulse pressure while decreasing diastolic BP. 3 Consistent with these age-related cardiovascular changes, we observed that age-related reduction in diastolic CBFV (ie, 29% reduction in the old when compared with the young) was greater than the reduction of systolic CBFV (12%), which resulted in augmented pulsatility. In addition, reduced pressure wave reflections from the downstream cerebrovascular bed because of an increased transmission also may contribute to the augmented CBF pulsatility in the middle cerebral artery in older adults. 3 Clinically, excess increases in arterial BP and CBF pulsatility may lead to cerebrovascular remodeling and compensatory increases in vascular resistance, which over the time may cause a damage to the cerebral microcirculation and increase the risk of cerebral small-vessel disease. 29 
BP, HR, and CBFV Variability
Advanced aging is associated with substantial decreases in HR variability, 4 which most likely is related to the alterations in autonomic neural activity. Zhang et al 24 demonstrated that autonomic blockade markedly reduced HR variability in young adults. Aging is associated with significant reductions in parasympathetic, but increases in sympathetic neural activity, which may lead to reductions in HR variability in older adults. 30 In addition, reduction in cardiac BRS with aging may reduce HR variability. 9 Aging effects on beat-to-beat BP variability are inconclusive. Previous studies showed that BP variability was increased, 7 decreased, 5, 6 or remained unchanged in older adults. 6 In the present study, older adults showed diminished SBP and DBP variability in the LF range at rest, whereas SBP variability was augmented significantly during sit-stand maneuvers when compared with young adults. Furthermore, we found that SBP variability was correlated positively with cfPWV independent of the contributions from HR or R-R variability. These findings suggest that baroreflex-mediated BP regulation during postural changes is diminished with advanced age via either stiffening of the barosensory arteries or a diminished windkessel effect of the central arteries. This diminished capability of baroreflex function and arterial stiffening may explain why aging increases BP variability in daily living, as measured by ambulatory BP monitoring, and the risk of brain and other end-organ damage. 31 Age-related differences in beat-to-beat CBFV variability across the adult lifespan have not been studied extensively. Previous studies compared CBFV variability between young and older adults under resting conditions showed reduced CBFV variability in the LF range in older adults consistent with the findings of the present study. 11 However, the augmented CBFV variability during sit-stand maneuvers in older subjects observed in the present study was not reported in previous studies. 11 This discrepancy may be related to the relatively small sample size used in these studies. We used a normalized unit to measure changes in CBFV (%), which is based on the consideration that differences in baseline CBFV values and/or the insonated middle cerebral artery diameters may confound the comparisons of CBFV changes among individual subjects. 8 Of note, normalized CBFV (%) has been shown to correlate better with CBF volumetric changes. 32 Interestingly, although dCA transfer function gains in the LF and HF ranges were increased in older adults under resting conditions (suggesting an impaired autoregulation with age), it remained unchanged during sit-stand maneuvers associated with the augmented BP and CBFV variability. Therefore, even though dCA may be preserved with advanced aging during postural change induced BP oscillations, augmented CBFV variability suggests that intermittent brain hypoperfusion may occur under these conditions, which in turn may lead to symptoms of dizziness, syncope, or fall in older adults.
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Baroreflex and dCA Relationship
Age-related decline in cardiac BRS is consistent with previous findings. 9 However, in contrary to the notion that age does not alter dCA, 8 we observed that dCA transfer function gain in the LF and HF ranges was increased in older adults at rest. This discrepancy cannot be explained simply by the differences in the methods used for dCA assessment because no differences dCA transfer function gain in the LF range between the young and old adults have been reported using the similar methods. 11 Thus, further studies with large sample size are warranted to understand the effects of aging on dCA. The underlying mechanism(s) of the frequencydependent effects of aging on dCA observed in this study is unknown and may be related to the aging effects on autonomic neural activity. Furthermore, consistent with previous studies, we observed that cardiac BRS was correlated positively with dCA transfer function gain in the young, but not in the middle-aged and older adults under resting conditions. 11, 13, 14 The new finding is that this relationship was also presented during sit-stand maneuvers. A higher cardiac BRS may lead to a better control of BP, thus a less demand for dCA to maintain CBF constant that may explain the observed BRS and dCA relationship in the young subjects. However, the underlying mechanisms for age-related interactions between BP and CBF regulation cannot be determined in this study.
Sex Differences
In a previous study, we reported that women had higher volumetric CBF measured with PC-MRI and lower cerebrovascular resistance than men across the adult life span. 15 Consistently, we observed that women had higher mean CBFV and lower CVRi than men in the present study. These findings together suggest that the observed sex differences in CBF may be attributed mainly to the differences in CBFV rather than the differences in cerebral blood vessel diameters between women and men. The new findings that women had lower HR and SBP and DBP variability in the LF ranges and lower MAP and CBFV variability in the VLF ranges at rest and during sitstand maneuvers than men may be attributed to the observed sex differences in the sympathetic or cardiac BRS and autonomic neural control of dynamic changes in BP and CBF. 16, 33 Interestingly, women also had lower dCA gain and coherence in the VLF range at rest, and higher phase during sit-stand maneuvers than men, suggesting a better autoregulation.
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Strengths and Limitations
The major strength of this study is an integrated examination of both systemic and cerebral hemodynamics, which provides a comprehensive view of the effects of aging on the both systems. Furthermore, the study population was stringently screened to exclude overt cardio-and cerebrovascular risk factors or diseases that may confound the aging effect.
There are several limitations that should be discussed. First, a cross-sectional nature of the present study precludes the understanding of the causal relationships between age and hemodynamic variables. Second, the use of linear transfer function method may limit its capability to quantify the nonlinear characteristics of systemic and cerebral hemodynamics. However, the average levels of coherence function >0.5 for both BRS and dCA assessments at rest and during sit-stand maneuvers ensure the reliability of our findings. Third, cardiac BRS estimated in the present study represents closed-loop properties of the baroreflex function that may not be extrapolated to its open-loop characteristics. 34 However, baroreflex functions normally under closed-loop conditions, which is more relevant to BP control in daily life. Fourth, changes in CBFV reflect changes in volumetric CBF only if the middle cerebral artery diameter remains relatively constant, which has been demonstrated under moderate changes in BP and arterial CO 2 concentrations. [35] [36] [37] Thus, beat-to-beat changes in CBFV observed in this study most likely reflect beat-to-beat changes in CBF. Finally, only healthy subjects were included in this study, whether the presence of cardiovascular or cerebrovascular diseases alters baroreflex and/ or dCA associated with aging remains to be determined.
Conclusions
Advanced aging is associated with significant alterations in both the systemic and cerebral hemodynamics such as elevations in central arterial stiffness, SBP and pulse pressure, reductions in mean and diastolic CBFV, increases in CBFV pulsatility and cerebrovascular resistance. In addition, aging is associated with altered cardio-and cerebrovascular regulatory mechanisms, such as cardiac BRS and dCA. Although beat-to-beat BP and CBFV variability in the LF ranges were markedly reduced in older adults at rest, they were augmented significantly during sit-stand maneuvers. Overall, these findings support the viewpoint that age-related alterations in cerebral hemodynamics are related closely to those of the systemic circulation. The augmented BP and CBFV variability in older adults during sit-stand maneuvers indicate the presence of diminished cardiovascular regulatory capability and increased hemodynamic stress on the cerebral circulation with aging, which may lead to higher risks of cardio-and cerebrovascular diseases.
Perspectives
Advanced aging is associated with increased risks of cardioand cerebrovascular diseases, which may be attributed at least in part to the altered systemic and cerebral hemodynamics. The findings from this study provide an integrated view of effects of aging on both the systems and demonstrated the presence of diminished cardiovascular regulatory capability and increased hemodynamic stress on the cerebral circulation during sit-stand maneuvers in older adults. These findings provide new knowledge for our understanding of age-related alterations in cerebral hemodynamics and its relation to the systemic circulation and may have implications for the understanding of age-related increases in cerebrovascular disease.
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